Abstract: By including third-and fourth-order phonon anharmonic interactions terms into twosublattice pseudospin-lattice coupled mode model, expressions for shift, width, soft mode frequency, dielectric constant and loss tangent have been evaluated for ferroelectric TGSe crystal. The method of retarded double-time thermal Green's function has been used for derivation. Model values of physical quantities are fitted in expressions for soft mode frequency, shift, width, dielectric constant and loss tangent. Temperature dependence of these quantities has been numerically calculated. Theoretical results were compared with experimental results of available literature.
Introduction
Ferroelectric crystals have attracted world-wide attention of physicists and engineers due to their potential use in modern technology; these are used in memory devices, pyroelectric detectors, modulators, capacitors, electro-optic, piezoelectric and other devices. Triglycine selenate crystal is one of best pyroelectric materials.
Triglycine selenate (NH 2 CH 2 COOH) 3 H 2 SeO 4 is isomorphic to triglycine sulphate crystal. It is ferroelectric below 22.5 o C. It shows a second order phase transition. The crystalline lattice is monoclinic. Above T c crystal belongs to P21/m space group. TGSe is ferroelectric in the direction of a monoclinic axis b. The lattice parameters of TGSe are a=9.520Å, b=12.847Å, and c=5.865Å and ß=110.5540.
Experimental studies on TGSe crystal were made by a considerable number of workers. Pyroelectric properties of TGSe crystals were studied experimentally by Dziedzic 15 by using two sublattice pseudospin lattice coupled mode model along with phonon anharmonic interactions terms. However, due to early decoupling of correlation functions at an early stage, they could not produce better and convincing results to explain ferroelectric transition and dielectric properties of TGSe crystal.
In the present work, we shall consider two-sublattice pseudospin-lattice coupled mode model along with third and fourth order phonon anharmonic interactions terms with the help of double-time thermal Green's function method, expressions for shift, width, soft mode frequency, dielectric constant and loss tangent have been derived. By fitting model values of physical parameters for TGSe crystal in the expressions for above quantities, their temperature dependence will be calculated numerically. The theoretically calculated results will be compared with experimental results of others 16, 17 .
Theory
For the TGSe crystal, the ordering of the hydrogen bonds associated with glycine I and glycine II (or glycine III) hydrogen bonds should be taken into consideration. The pseudospin variables α S are associated with ordering of the gylcine molecules (α=I and II). The two sublattice pseudospin model was suggested by Mitsui (originally for Rochelle salt crystal). We shall add into it third-order and fourth-order phonon anharmonic interactions terms. Thus, the Hamiltonian is expressed as;
Where m S α (m=x,y or z) is the m th component of the pseudospin variable α S , Ω is proton tunnelling frequency, J ij and K ij are respectively, the coupling within the same group (I or II) and different groups.
We shall consider the Green's function
Now differentiating Green's function (2) 
The ( ) 
The frequency Ω is Cochran's soft mode frequency which becomes zero as T tends to T C , phase transition results and TGSe crystal becomes paraelectric. From Eq. (11) we can derive expression for dielectric constant as 
From expressions (11) , (12) and (15) Figures (1)-(3) respectively. The theoretical results have been compared with experimentally reported result of Stankowaska and Hoshino et al 16 .
Results and Discusion
In the present calculations, correlation functions have been decoupled at proper stage. Earlier authors 15 have decoupled these at early stage. Therefore, some important interactions disappeared from their results. We have also considered third-order phonon anharmonic interactions terms in our calculations. If third-order phonon interactions terms, shift and width are neglected from our calculations, our results at once reduce to the results of earlier authors 15 . 17 .)
The Eq. (11) along with Eqs. (6), (7) and (8) shows that soft mode frequency depends on tunnelling frequency (Ω), interchain (J) and intrachain interactions (K) respectively explictly. As temperature approaches T C soft mode frequency becomes zero. Our Eqs. (13) and (15) show that both ߳ and tanδ depend on tunneling frequency, interchain and intrachain interactions as well as phonon anharmonic interactions respectively. Both increase anomalously in the vicinity of transition temperature. In the TGSe crystal isotope effect occurs both on T C and C. Therefore, the two-sublattice model is suitable here. Our theoretical expressions predict the behaviour of TGSe crystal in agreement with experimental results. Our theoretical results shown in Figures 1, 2 and 3 show close agreements with experimental results of Hoshino et al., 16 and Stankowaska et al., 17 .
Conclusion
From the present study, it emerges that using the two sublattice pseudospine-lattice coupled mode model along with third-and fourth-order phonon anharmonic terms and double-time thermal Green's function method, the temperature variations of dielectric constant and loss tangent in TGSe crystal gives more adequately and better temperature variations of dielectric constant and loss tangent in TGSe crystal. The crystals of TGSe are better materials for pyroelectric detection. By using expression obtained in the Present study may also be used to explain ferroelectric and dielectric properties of other similar crystals triglycine sulphate, triglycine fluoroberyllate, ammonium bisulphate successfully.
